Angiogenic functionalisation of titanium surfaces using nano-anchored VEGF - an in vitro study.
The aim of the present study was to test the hypothesis that sandblasted and acid etched titanium surfaces can be functionalised with vascular endothelial growth factor (VEGF) using oligonucleotides for anchorage and slow release. rhVEGF165 molecules were conjugated to strands of 30-mer non-coding DNA oligonucleotides (ODN) and hybridised to complementary ODN anchor strands which had been immobilised to the surface of sandblasted/acid etched (SAE) Ti specimens. Specimens with non-conjugated VEGF adsorbed to ODN anchor strands and to blank SAE surfaces served as controls. Specific binding of conjugated VEGF exhibited the highest percentage of immobilised VEGF (71.0 %), whereas non-conjugated VEGF only achieved 53.2 and 30.7 %, respectively. Cumulative release reached 54.0 % of the immobilised growth factor in the group of specifically bound VEGF after 4 weeks, whereas non-conjugated VEGF adsorbed to ODN strands released 78.9% and VEGF adsorbed to SAE Ti surfaces released 97.4 %. Proliferation of human umbilical vein endothelial cells (HUVECs) was significantly increased on the surfaces with specifically bound VEGF compared to the control surfaces and SAE Ti surfaces without VEGF. Moreover, the released conjugated VEGF exhibited biological activity by induction of von Willebrand Factor (vWF) in mesenchymal stem cells. It is concluded that the angiogenic functionalisation of SAE titanium surfaces can be achieved by conjugation of VEGF to ODN strands and hybridisation to complementary ODN strands that are anchored to the titanium surface. The angiogenic effect is exerted both through the immobilised and the released portion of the growth factor.